REMARKS 

Continued Examination under 37 C.F.R. § 1.114 

Applicant acknowledges the Examiners grant of continued examination and further that 
all objections and rejections not reiterated in the August 13, 2003 office action have been 
withdrawn. 

Claim rejections - 35 U.S.C. § 1 12 . 

Claims 83-84 and 98 stand rejected under 35 U.S.C. § 1 12, first paragraph. With respect 
to claim 83 and 84 the Examiner states the specification, while being enabling for plants 
expressing the viral antigens at the levels set forth in the working examples, does not reasonably 
provide enablement for transgenic plants expressing a recombinant animal viral antigen protein 
at any level or the levels recited in the claims. 

Applicants have amended claims 84 to more clearly define and describe the invention. 
Claim 84 recites the specific expression level exemplified in the specification. With respect to 
claim 83, applicant submits that the specification is enabling for achieving the levels of 
expression necessary to elicit an immune response in an animal upon consumption as 
exemplified in the examples and the detailed teaching of the specification. Applicants 
respectfully request Examiner to withdraw this rejection. 
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Claim 98 was rejected under 35 U.S.C. § 112, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to enable one skilled in the 
art in which it pertains or with which is most nearly connected to make and/use the invention. 
The Examiner agrees that the specification is enabled for expressing a recombinant TGEV S- 
protein or a hepatitis B surface antigen protein, but states that it is not enabled for any 
recombinant protein from any source. Applicant respectfully submits that the specification is 
enabled for other proteins from other sources. The specification goes into great detail about 
other antigens that may be useful for practicing the invention. For example at pages 21 and 22, 
numerous viral antigens are listed which may be used in both humans and animals according to 
the invention, including: Poliomyelitis, Measles, Mumps, Rubella, Smallpox, Yellow Fever, Viral 
hepatitis B, Influenza, Rabies, Adenoviral infections, Japanese B encephalitis, Varicella, as well as 
canine distemper, rabies, canine hepatitis, parvovirus, feline leukemia, Newcastle, Rinderpest, hog 
cholera, blue tongue and foot-mouth brucellosis, fowl cholera, anthrax and black leg. 

Claim rejections under 35 U.S.C. § 1 12 second paragraph 

Claim 88 stands rejected as indefinite for the use of the term "wherein said plant tissue is 
administered orally". This claim has been canceled. 

Claim 98 stands rejected as indefinite for use of the term "expressing a recombinant 
protein", the Examiner suggests that the claim be amended to indicate that the recombinant 
protein is a recombinant animal viral antigen protein. The Examiner is thanked for the 
suggestion and the claim has been so amended. 

Claim 99 stands rejected as indefinite for the use of the phrases "which triggers the 
production of antibodies", and "which is derived from a hepatitis B surface antigen or 
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transmissible gastroenteritis virus spike protein" and for the use of the term "derived" rather than 
"obtained". Applicant has amended the claim to remove this language. 

Claim 100 stands rejected for the recitation of the phrase "which triggers a mucosal 
immune response to a viral protein" and for the recitation "plant part or a crude plant extract". 
This language has ben removed from the claim. 

Claim rejections 35 U.S.C. $ 102 

Claims 73-75, 88, 91 and 98-100 stand rejected under 35 U.S.C. § 102(e) as being 
anticipated under Goodman et al. (U.S. Patent No. 4 5 956, 282). The Examiner states the 
antigenic property of the expressed protein is considered to be an inherent property of the protein 
itself. The Examiner asserts that Goodman teaches the expression of animal viral antigen 
proteins in transgenic plants and that the antigenic properties of the animal viral antigen protein 
disclosed by Goodman are considered to be inherent to the protein. 

Although not conceding to the Examiner's rejection, Applicants have amended all 
independent claims to clearly encompass features not present or contemplated in the Goodman 
reference. 

The Goodman reference discloses the production of primarily digestive enzymes (See 
column 5 lines 55-60) in plants and notes that these recombinant enzymes retain physiologic 
activity when purified from the plant. In other words Goodman states the desire, but does not 
show experiments or data, that these enzymes maintain their original physiological activities; are 
properly folded, etc. and remain catalytically active. In the invention here, it is not important or 
necessary that the protein retain physiologic activity. Instead, the protein structure needs to be 
maintained long enough to elicit an immune response. Further, in 1988 at the time of the 
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Goodman reference the state of the art was such when that an antigen expressed in a plant is 

consumed by an animal it was unknown whether it would be either digested or not presented to 

the immune system to allow for recognition. Presented herewith for the Examiner's review at 

Tab A is an article from Science September 1994 which discusses the problems encountered with 

oral vaccines, an excerpt of which follows 

Mucosal vaccine researchers have been stymied before during the decades 
they've been working on these preparations, and many of the same obstacles 
remain. Despite early successes with live attenuated oral vaccines against 
tuberculosis and polio more than 30 years ago, the expected heyday for mucosal 
vaccines never followed. One problem was that the chemical attenuation methods 
then in use altered the genes and pathogens randomly, in many cases changing 
them enough so that they failed to trigger a vigorous immune response. Other 
mucosal vaccines, which are usually ingested orally, inhaled, or taken as nose 
drops, fell victim to destruction by bodily defenses such as enzymes and acids in 
the stomach, problems not faced by serum vaccines.. . . 

Service, Robert F., Research 
News, Science 263:1522-1524 "Triggering the First Line of Defense" (1994). 

Thus, art-recognized problems associated with oral vaccines are not taken into account in 
Goodman. Critical to achieving vaccine activity is expression of the antigen at levels necessary 
to provide for an immune response. The levels of expression disclosed in Goodman would not 
be high enough to achieve the response contemplate by applicant's invention. 

Further, Applicants have been recognized by peers as the first real (or enabling) teaching 
of production of immunogenic viral proteins in plants. Provided with this amendment at Tab B 
is a copy of Gomez et al, "Expression of Immunogenic Glycoprotein S Polypeptides from 
Transmissible Gastroenteritis Coronavirus in Transgenic Plants" Virology 249:352-358 (1998). 
In this article, the authors cite inventor, Mason's 1992 description of the present invention as the 
first introduction of vaccine production in transgenic plants, (see p.352, col. 2 citing Mason et al, 
"Expression of hepatitis B surface antigen in transgenic plants" Proc. Natl Acad. Sci 89:1 1745- 
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1 1749 (1992), copy also attached at Tab B). They discuss the Mason descriptions and follow its 
teachings to express TGEV in Arabidopsis. Thus, this author recognizes the present invention as 
the first to teach TGEV expression in plants and successfully uses those teachings to later express 
the TGEV. 

Goodman does not disclose either inherently or directly, anything about controlling the 
levels of expression of this enzyme to achieve a) a quantity necessary in a plant so that an 
immune response is obtained upon oral consumption, b) expression directed to edible tissues or 
portions of the plant, or c) expression in monocots. Each of the independent claims has been 
amended to include recitation of one of these features of applicant's invention that is nowhere 
present in Goodman. 

Support for these amendments is found on pages 8 line 12, and page 23 lines 20-25 and 
page 24 line 5 which define and gives examples of edible plants useful for the invention; page 9 
lines 18-25 and page 26 lines 8-25 which disclose tissue specific promoters that can be used to 
preferentially direct expression to the edible portions of a plant; page 16 and page 23 lines 16-19 
which disclose monocots, and page 34 which discusses the use of leader sequences and 
enhancers. All of these features are nowhere present in Goodman and are critical to establishing 
applicants invention which is the production in a plant of not simply a protein that remains 
physiologically active when purified, but production in a plant of a viral antigen so that the plant 
itself when consumed presents a viral epitope to the immune system so that the animal elicits an 
immune response to that protein. 

Applicants respectfully request that Examiner withdraw this rejection. 
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Conclusion 

Applicants thank the Examiner for the Interview and in the event that it is felt that it 
would aid prosecution, she is invited to contact the undersigned at the number listed to discuss 
this case. Reconsideration and allowance is respectfully requested. 

This is a request under the provision of 37 CFR § 1 . 1 36(a) to extend the period for filing 
a response in the above-identified application for one month from November 13, 2003 to 
December 13, 2003. Applicant is a small entity; therefore, please charge Deposit Account 
Number 26-0084 in the amount of $55.00 for one month to cover the cost of the extension. Any 
deficiency or overpayment should be charged or credited to Deposit Account 26-0084. 



Respectfully submitted, 




McKEE, VOORHEES & SEASE, P.L.C. 
801 Grand Avenue, Suite 3200 
Des Moines, Iowa 50309-2721 
Phone No. (515) 288-3667 
Fax No. (515)288-1338 
CUSTOMER NO: 22885 

Attorneys of Record 

hsn/pw 
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Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 
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[RESEARCH NEWS, 



Triggering the First Line of Defense 

Vaccines that activate mucosal immunity, often the body's first chance to ward off infection, have been 
hard to come by. That situation is beginning to change. And these new vaccines are needle-free 



For decades* vaccine researchers have been 
fighting infectious dltcratn without much 
help fiom coc of the body* major defensive 
weapons- Most successful vaccines co date, 
such as the rhtVfl"*** measles, mumps, and 

injected antigen* that *pa* the 
body to produce blobd-dnads*> 
ing, or serum, onribodie* against 
disease-cmsizkg- cqpnisms. fiat 
the part of the I mmune system 
which'churns out 70% of she 
body* sxxtibadie* hts been vfcv 
njaQy i g n ore d, bmiuti little 
was known about how fe wades. 

That part js me mueossi ha* 
munesyxosa* Membranes gov- 
ered with nt u cout (a <nlij4uir- 
ganfffP 1 11 'H 1 ^ 1 ? gel) hne the 
airways, the lepio digctive syp- 
tern* and the gasrjomn^rinal 
(d) tract, and inany pathogens, 
soch as die tacx e iium that 
causes cholera and thevfans that 
causes AIDS, fiat encounter 
the body thee "The mucosal 
surface is ihe fitst pott of entry 
of many diseases, 1 ' says George 
Lowell, a vaocmokgfet ax the 
Walter Reed Araxy Institute of 
Research mWashfogmn, IXC, w^ 
m develop mucosal vaccines. "Tbt hope » 
that frrmcosal vaccines? can nop the vims or 
bacteria before it gets in** 

How, it seems, researcher* art figuring ooz 
ways' to bring ths weapon to bear. Asnraxm- 

fysccm,racctncs aimed at cl^ 

immunity are coming on lo^ Those farthest 

along are typically m^ 

tharitfverieen genetically alter^ 

atedi » insure that they are no longer ca* 

pahte of causing disease. One such attti<hc4- 

cta preparation recently wtrttonthernatjeet 

ta 5wfrTrfa*id and is ctmmiry i^l^+u 

m several obSerlairc^ea&cour^ 

lax hve V9ccinc for typhoid was approved for 

«st m the United States m 1589. Odher live 

mucosal vaccines arc being developed to 

fight everything rrom the tin ro rabies* 

And live preparations ate not the only 
suaiegies being used Developers are also 
cloaking mucosal anubody^nggering antH 
gen* hi pfoituivc coatings to improve their 
; delivery rate or packaging them alongside 
powerful chemicals called adjuvants which 



boost antibody responses (sec table on p. 
1524)* This area b exploding/ says mu- 
cosal vaccine developer Jerry McGhee, 
who directs die {mrmmobioiogy Vaccine 
Center at the University of Alahama at Kr- 
t(UAB). 



Plnstoocouimws. One wsy tne mucosal Immune system 
It trtoowwd is whan an anggan enocurnra tissue n the 
gaaavMsstiMI tract caasrfaPoyw^pat^Mcwlson 
git aurfaea pas* ma anffoarts to ax*^er>c*B»f^oato 
(APCe) and ^naAdeyssa (LtyTr^oafepiaswJtsatt* 
pans toTh2 and 9 cafe ^&e»and Trr2 
osmifltaii icaval tfvouuii the blood and 




Creating an tamunologkal first line of 
ifafalMi infer ope reason far the boOtn. An- 
other is ease of delivery. Research are de- 
veloptng many ff»w^"^ mi 1 to be deliv- 
end orally, rather than injecsed, and Oral 
vaodnei represent the Hob GrsAttraafiy 
health eaperts, says HarvarfUrilveaaitymir 
onttologtst and vaccine developer John 
Mekabnos. Hie Uolocd KatW 1992 
ChOoW* Vaccine Wnafrve calif tor oral 
vaccines fix at least 15 diseases, bccaiise they 
arc easy to deliver and doaway wkh the need 
for needles, wttfeh can traroTrut diseases such 
as AIDS and hepatitis. If mucosal raccincs 
reach thdr potcorJal would be the best 
pcub^ifctt we have/ says Marta 
ccQ otologist at Harvard who inve stigate* 
.how the mucosal immune system confers 
ytiA rftjon 

That "it" however, is a wrmtanrtal one. 
• Mucosal vaccfoc i r aeaidtc n have been **y» 
mfed berore dutiig the decades oSeYS^been 
working on rhese rxcpantdoni, and many or 
the same obstacles remain. Desptwcorty suc- 
cesses with live arrenuated oral vaccines 
against ruhcrcukisUand pulki more rhun 30 
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years asp. the expected heyday rbr mucosal 
vaccines never fouowed. One problem was 
that the chemical atrennaTiCft methods then 
in use attend the genes of pathogens ran> 
domly,' in many ca s e* c han gi n g t hem e nough 
so that they tailed to trigger a vigorous m> 
mune response, Other mu- 
cosal vaccines* which are £ 
usually ingested orally, in- 1 
hated, or taken as nose ^ 
drops, tell victim to de-| 
srrucrioabyboduydefinses s 
such as enzymes and aci* | 
m the scopach, p To hlf m ^ 3 
not ferrd by serum vac- 
cines^Rnauy, rasomecases 
t hgu r otgctf o n uJii fri i nl by 
w*<n*n*ai vmi nm proved 
fteetn^radmgaibercnfya 
few months or a year. 

Such obstacles brought 
down scvtxal mucosal vac- 
cines, (Deluding those de* 
«eloped in early a nempw 
to i i si ilut c hoff fa and dys- 
entcty. And alrhough the 
base of knowledge about 
the linn iTttl tonvune sys* 
nan has grown, lULiichoa 
today am soil contending 
with such ptobfcms. As a ftsuk, most ^ 
cine researchers to develop scrum 

vaccines, says Nccoa- It would be nice 10 
have simpler meant for admliinjeuug Wi- 

Rcseatch^'gutnwirnnlvaorir^ 
ruirdlcs." 



Anothar form of protacsloii 

Most researclsetf fcyq far kaptng thcae 

LjuuiiJ rictotJ ^lu ' jpOWu lgM iwlfi^ 

how dtfbexit immune responses arc pn>" 

d upfA Whue serum ImitntrT responses hv 

voJvea*cibodterfib< 

mm&bib C. or which travel 



aurtsccspefmarOy cl^ 
of sorisody, IgA, which b released along 
cancosal aumxta and helpt tdcl rn^adcts off 
before rhcy can aain enrry* 

IflmiuririogTsor tf vefaaJ w ii fa r sometime 
that the loey to riiodudtuj IgA apc^ w U« 
in tmsll chmms of dssue in dwOlaact,the 
rem! and respiratory passages, andorher mu- 
cosal surfaces thai contain various whu« 
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Wood <dL^^W«--«spj««U* for 

Sown a Peyert pushes J«ve w'quiteV- 
Scnd tapco**' *mpto« Mb. of food 



strain by underling » '» n ^5^ in \ . 

|c wasn't until oSe mkM98fc thai the 
UM poup able a ptoducc » «»«*« 
washannlett. yet soli *Me « triffl« » P"*" 5 " 

dye nouns* response- Now. however, «c 

coco* wpeewo. ™eCT«eem»tt>bev«ikiB8.Iiiiri»l«tnvolv- 

Pe^'j patches enpilf che unaH F«5" ^^^a^gevwedWioiilMtiiAe 

ptefcen do*a further by the APCs, vmfch 
cKCsoittf^aed bin on ifeeirntffeceto the B 
cell*, which « the IgA aruibody fectones 
(see diagram on p> 1522^- a ^ 

While mucosal immunity typically mr 
vOvathcpiwiuctioo^IgAend 



say* Levine, should be answered by brig- 
term field trials no* underway m 

«c^em Indonesia. 

Researcher* are abo using live itrenuaird 
vaccines to ay to trior tmjeeaai imtrnaaity 
taoAeregtoiot>»-Sewalg iw 



iatothcrnucosalsun^axrt^ S^ffiSwfi Ac National Institute 

esd^M*^aiid,*reitttmpd^ 

cnza7«* •» mitdtom. a major «*«*™ 
disease bl developing countries. 



uV production <rfhlood<fr^^ 
tlbodiel Vetotnoleme, the chdrafetteri- 
example, typically trigger* bodxse- 
tum and mucosal Mirfbodto- So tom^ 
mg whether a vaccine is effective, 

levels have risto. but whether t veedne* 
fa* ptccection against a later challenge by 
thepathogen. 

Gotng&Va 

Totxi^thcttre*{>oo*e* v resca^ 
begunmc V igiami^catt iiw 
cilkaDyta^eWwIW^P^t^^w 
- i tissues that sample antigens. For 



QjumidllTigattafrvfito 
NoceretypaAogc^ofowac, conveniendy 
, heads snattf* fcr M cells when tr enters the 
body- So mmr*m have begun to lnin> * 

mtbeget^o/anOoVrm* 
»iiiggerami*^re*j>onse.T^ 
a^toauiiaaV.cWoiifiairfWmor^ 

23eSe^^ 

owndef^aison^irac^* ^**S™^^ 

They dft *> by removing some toxic MttaO^l^^J^^^^^^ 
fccantaktavrfiiktafifcniitout 



how be* w do that In the 
attenurced AJoa ^acctoe 
unvefled ia &rope, for bv 
seance, UnWcnhf c/ Maty- 
land (UM> IDJcitNaVilogist 
Jamei Kaper began wqtk ba 
1981 tt remove the fenes 
from the otganbm that cojte 
for diarrhea-eauso^ toodna* 
lcavio| untouched odwts, 
tuch as aortace prattint that 
hdp trfjcerzn tomune re- 
iponse. The advantage of 
this appwach, say* UM vac- 
dnolopit Mfton Lcvme» 
who ted dw ream that devel- 
oped the vaccine, & lhar 
M oW is much las Ukett- 
hi«J that on ivspmism will 
rrvcrr 'hack to a Wndcnt 



t of the live 



Another 



ftUCUiiflf Innsect is 



Ili^e^4bout20^pt^ 
eta^ccaaeJoBO^a^sjunvnir. Ao 
f»atafkTimv^«euWhavebe^ 
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Bacille Olmette-Ouerin, or BCC. a baoen- 
um oripnallr «d as an oral «axinc agai« 
tuberculosa (An mjecced anti-TB vaccine 
U cunendy tnost uted in bitscounnyf as die 
oral vacdne fasotnetiiwdWcuittoai 
bxer to yowuj chiWren.) Ac Medhnnume, a 
blcxechnobgy finn ^GaioWxtf^ Mary* 
lamL leseatcnen are using teeombuiant 
BOO as a delivery vehicle for protein* to 
fight Lyme disease, urmarf trart intefem. 
and wbetculosis- Earlier this year, Mcdlm- 
nxune's Solomon Langennaim showed thai 
vfaax he delivered recombinant WJ^ex- 

die orarusm iBsc«aHe far Lytne disease— 
ino=mattQy to tnke. all of the animals re- 
cebtd ptotectJoa against adtfequenx chal- 
lenges^riieotSafusnL 

Thoe results ate parriadarfy striking, 
Lai^enuann says, because pHe vaccine nig- 
geonotjuscamucasallgAiG 



intaricibcatoatelu^ 
r arrr m ^f ft lymg dkeaseimccine to humane 
| m ^wt^ fcf**»«w chc otganean 
makes in wayitecdy fnto oSeblooddiioufiJi 
ticl:bR»A<ionvttr>sbthatt^ 
offered by the vaccine seems to lastLanger- 
maiffl'soriflCringsnjdics have shorn no atop 
in uribooY levels iBtoonihsafceradminis- 
crmtioa That may be due m part radwtnflu- 
encec«CXiLanget»™hw^ 
BOG vaecme against tubensnlosU p^ovidel 
lifetime protection. ''But the fcusmasal route 
twacn^faerespoasibkfoin^ 
lastWtndhodf^xn^ 
0^*bcadds\Iaaiiycase,savcU^ 
-p m hopeful that it wul be a good vector 
sg«h^ a variety of mucosal pahogens-" 

Qoe piobVsm tridt *e use of tivtcap- 
nismsm deliver aiidgeM^ 
gem b that AepatknttDaydevtl^ 
tes against the'delivery vehicfc- And uW 
anribodies will cause a leaaion against chat 
ocginsm tf the body meets It again. As a 
result, most vehfclet can be used ooly ^oce. 
Such Ncoor immunity* is a i^Aism**** 

vkie. as eh« are only twottwna; or sen> 

eroupt. of the onanism. This ejeam sum 

«imB^ttt«mhaveumited 

beeauseavaOCtw:fcc«d^ 

the field tor later vaccines that ■»« v - 

delate- OoWotpa^sms, W*S*KP** CDa ' 

tain more than MOD such sercfioui^gjving 

ie*aidwFlentyc«v^ 

^locisefioow 

Another **r «***r " 
mini* h ii iitf li rn an ipmiitr mrm in Try 

jpberave m&hotam WodegndiUe polr- 
mcTCttted poly (CT.4»cri<it-a>^colk3e). « 

1S33 
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* UAB and no*- urieh U*krk-Pra*is Bio- 
iositab in West Henrietta, New York, fiwt 
showed that PLC microspheres could shroud 
anrigens and deliver them to immune celb in 
the respiratory and Ol mas and generate 
*n immune response. Now* researchers are 
using PLC microspheres to deliver antigens 
against everything from influent to diar* 
rhca~causin£ rZseAencAaxeott* 

ArOraVa* in Cambridge, Massachusetts, 
for example, vacctnotogisc Tom Monarh is 
experimenting with PLO microspheres to 
delive r anri gena against ejuerowxigenic £. 
aft or ETKX a prkidpic cause of diarrhea to 
deveiepinc countries. For their anri-ETEC 
antigen* MonadH and his colleagues purified 
the tiny hatrtike cilia that 
house ■ "co faruza don tac- 
cor" wed by ETCC to bind 
10 epithelial ceDs id the 

gut* When Monath's col- 
bboraprt at the Walter 

Reed Army hsdeuce ofRe- 

seaxeh and UM gave the 

cr*J vaccine tt healthy vol* 

unseats In I992t they f o un d 

that two of 10 volunteers 

wctE bnftnmxzed against 

ETGCWhucntffiomper* 

feet, the &er that encapsu- 

lating antigens was efiec- 

riveata0b < ^tccncour- 

aging," says Monaih, who 

b now preparing foe a new 

round of trial* designed to 

boost xhe dose of the vac- 

c±aemhope$ofcUtt«ing 

the percentage of volun- 

to aiifnon to PLC t re- 



does usually sidestep this problem, because 
dSey reproduce rurally, supplying ample 
amounts of antigen. 

To boost the uptake of microspheres* re- 
searchers control the sise of the capsules to 
between 1 and 10 microns* which for as-yct- 
unknown reason* are preferenttairy taken up 
by M cells. Some groups we also working to 
target the microspheres more directly- At 
UAB, for example. Suzanne Michalek is at- 
tempting to cost the outer surface of PLC 
microspheres with die i wjep uja Ending por- 
tions of the cholera toxin. whk& has a spe- 
cial affinity fcr binding to M cells. 

^ g fcljrw^n ta h umli ny tiptaket research- 
*ff ffT *— " T* "TE m mala* ritf annggna rhey 



SOKE MUCOSAL VACCINES UNDER DEVELOPMEriT 



VmfawVoolor 



Diarrhea 



EnsaTOJoaSgafalc 
fStJmncniM com 

Rofevns 
Sysjsaaaapactes 



KUenospriefea. IVb 
flOfinustoOj bactar^a 

Mic*o*pJ>et*8, *V* 
attenuated vina 

a\ aTl«Mwa^uaaWjfcaaaaM tSuaat 

Micjoapnonsa, m 
attfiMuatted bacteria 



tract infactton 



■flanuated virus 



Pneumonia 



Re&puaaay syncytial 
virus 

Sttmprnxtoccus 




larly scubhom for man mucosal vaccines, 
says Clements, is the need to maintain per- 
manent protecti on. This dearly isn't impos- 
sible in principle The examples of the oral 
tuberculosis and polio vaccines show that 
the mucosal imnmoe system s capable of 
generating the Memory eeils" that remain 
ready to trigger an immune response if the 
same invader encountered laser on. 

But in $ome cases, the mucosal immune 
system boeszTtseem to provide this effective 
memory-based resistance, as certain patho- 
gens, such as respitatofy syxuycSa! vhia and 
lOtav pusv can reinfect chDdmn again and 
n g»m_ **lt suggests dtft TntKTHal ututitniity 
doesn't provide solid protnetioo" against all 
fflfecrjonsi tays Ocmencs. 
And chat may fnwn re* 
sve4 chefs will ruwe •hfftrf 
hick generating lasting 
pruteoioo agatosi come 
diseases dun aganw orh- 
env PenSapi vaccines that 
trtygei uiore than one type 

bdp laeudMA «dkieve 

loDg^jasOfig pfocectionA 

cially viable, most vac* 
ernes w31 have to gener- 
ate immunity fin* longer 
^jhfl q the year and a half 
achieved by such vac- 
t to darje> £ven if 
long-lasting ptottcrion U 
not 



^&ap>aaj7SWn,s^ 




ing v/jth siaahiog ^oioo^ 1 
spheres out of other (Dsxt^ 
nab, such as l ip oso m ri. 
mmsch an made 6um 4)P 
* due com* 
tnetabeanes 

Mwry n ft lffflirfi irr anri- 
gen eneapndadoa as hav> 
BTgapirtfcubrly bright ru* 
turet because die vehicles 
are being made from common bfologica] 
Rtatetmls and typicillydon^rxigger a vector 
i p mune response* "1 think they arc the way 
of the niatre; autre hooesrfy f w says Metov 
bjiaf^wrMbdevelcTtnghisow^ 
ated vacdne against chokra. 

Yet; like other delivery systems, antigen 
eaptukt have drawbacks* *The missing 
piece of the pude is erriciency " sayi Melca- 
ltnos, oo>lamma that only a few peiixJir of 
the ctpjufcs am taken up by lytnphoid Cclb 
nucha s Media. That's a rmblem for mi- 
1 =v*S*xx* vaconea, as in genenil the less an- 
the less andKidy produced. Live vac- 
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And alnSough they do 
away with nrerllfi , naico-- 
ia| vaccines hec their own 
set.of ptacDjCftt ditiicttltics» 
rjfrgl vaccines ate diflicoit 
togtveto infants* because 
hahbs doo\ swallow cm 



deliver trigger a stronger hnmune rctponsff 
byssfdm^cftenu^kiKm 
heiahteti the t^mratme response to andgens 
rhcy acoompana, UABa Ray Jackaon report- 
ed hm year that when mice were gh^ch^ 
cntPTftn atfrg 1 "*^ ■■■*^tj* iit fa^*** th^^gi« 
nism chat causes tetanus, aB were subset 
quendy ptuuuzed Cihu a tetanus challenge; 
without cholera toxin the mice received no 
protection. 

Me^e*c4ectfenU& 

Although progress has been made in irwnyuf 
the* arens, nnc hwdle rtut's proven pnrricu- 



or may sptt op* 
And if rhey are breast* 
feeda^antibedksmthe 
nusdsera milk can pick off 
before they can jauduce 
aa rmmune response, These arcdl Amgi 
mat have to be looked at," says Clementt 

But in spite of Aese chsc*des* Acre's io- 
creasing mterest in the search for eiTecrive 
Htfjy^fii rnni^t rMT ^ ^wj* k going co 
be an explosion of knowledge m the next 6 
yean on delivering vaccines without need* 
les, M says Barry Bloom, an oamtmologist ar 
the Albert Einstein College of Medicine in 
New York Gty- And many in the field hope 
that the etTeas of die blast, and rise pforee- 
don of the vaccine*, boa faralongtime-^ 
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Expression of Immunogenic Glycoprotein S Polypeptides from Transmissible 
Gastroenteritis Coronavirus in Transgenic Plants 
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INTRODUCTION 

Swine-iransmisslble gastroenteritis virus (TGEV) is the 
causative agent of acute diarrhea of newborn piglets thai 
provokes high mortality ra:es in affected farms. Protec- 
tive immunity against this disease must be developed in 
pregnant sows to confer passive protection to the piglots 
through colostrum and milk. Neutralizing antibodies 
against the virus ere directed mainly to glycoprotein S 
(Garwcs &i at., 1978: Jimenez >f a/, 1986). and relevant 
epitopes in neutralization have boen mapped Into the 
N-tcrminal domain of this protein {Correa er a/., 1988). 
Four major antigenic sues have been described in gly- 
coprotein s, 01 which site A is the immunodominant (De 
Diego ct ol. t 1392; Defines et ai t 1990; Sanchez et 
1990), Glycoprotein S from TGEV has been expressed 
using different vectors with tropism that favored anti- 
genic presentation in the mucosal surfaces (Smerdou er 
ol, 1996; Torres et ai t 1505). These vaccination ap- 
proaches promoted systemic and mucosal antibody in- 
duction end. in the case of adenovirus vector, conferred 
protection to suckling pfglers (Torres at aL, 1996). 

Tho development of genetic transformation technologv 
In Plants has made possible tha expression of foreign 
genes in different plant species, making reasonable the 
idea of using plants as bioreectors to produce recombi- 
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nam proteins. The concept of vaccine production in 
transgenic plants was first introduced by Mason et at. in 
1932. Proteins involved in protective immune response 
car be produced at a low cost and easily purified from 
plant extracts for parental inoculation. In addition, oral 
immunization by edible vaccines produced in transgenic 
plams could stimulate immune responses at the portal 
entrance of many pathogens, facilitating the des<.' of 
large-scale immunization programs. The presen. , of 
specific antigens into plants, even at low iovels, can 
raise by the oral route immune reactions comparable to 
those raised by conventional vaccines (Hap et aL 1995; 
Mason er a/., 1995). 

Hepatitis B surface antigen (Thanavala at $t, t 1995), 
Escherichia colt heat-labile enterotoxin (IT-B) antigen 
(Haq et at., 1995; Tacket at aL, 1998}, Norwalk virus 
capsid protein (Mason era/., 1996). VPl antigen frr fool , 
and mouth disease virus (Cemllo er a/., 1Q98), an. chol- 
era toxin 3 subunii (Arakawa el at., 1993) are the vaccine 
antigens expressed in Transgenic plants and lestcd for ; 
the Immune response elicited in immunized anim&fs. < 
Additionally rabies virus glycoprotein was expressed In t J 
transgenic tomatoes, but the immune response Induced 
by administration of these plants to animals was not ^ 
tested (McGarvey ct aL, 1995). In the present study we ,| 
investigated the feasibility of expressing the glycerols'*' 
3 from TGEV in transgenic plants, as well as th< ■jfflig** 
nicity end immunogenieiry of the plaw-denved proteifc y 
The S proicin is an excellent model for developing 
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t are incorporated Into the Plom genome. 

vaccines against enteric pathogens of mammals be- 
cause of its immunogenic!* and resistance to degrada- 
tion in the gut. 

RESULTS 

Piasnid construction and selection of transgenic 
plants 

The binary pRoK I and pRoK I] recombinant plasmlds 
(Fig, 1), carrying a cDN'A coding for the N-terminai region 
or the full-length glycoprotein S respectively, were ob- 
tained by subcloning tfie corresponding sequences from 
previously obtained constructs. Recombinant pRoK plas- 
rnids allow selection of transformants on media contain- 
ing kanemycin and stable integration into nuclear chro* 
mosomaj DNA from the plant. pRok uses the cauliflower 
mosaic virus 35S (CaMW 35S) promoter for nominally 
constitutive transcription of rhe cloned genes. 

Plant transformation with pRoK I and II was carried our 
as described in Materials and Methods by Agrobacte- 
rium rww/ac/e/w-mcdisted transformation. The traaa- 
genie plants resistant to the selective medium appeared 
similar in morphology to the nontransgenic arabidopsis 
plants. More than 20 different lines of transformants 
containing each construct were obtained and se!f-polll- 
nated to obtain F2 lines. All lines were positive when 
screened for thy presence of the recombinant genes by 
polymerase chain reaction (PCR) analysis (Fig. 2A), 

Most plants harboring recombinant genes showed 
specific transcription of foreign genes by reverse tran- 
scription (RT)-PCR analysis (Fig. 2B). To rule out the 
possibility of ampliation of contaminant DNA se* 
quences present In the ANA preparations, we treated the 
purified ftNA with ribonucleic before foreign gene am- 
plification by using Taq polymerase, No amplified DNA 
fragments wcro detectable under those conditions, as- 
sessing the RNA dependence of the reaction (Fig, 2B). 

Recombinant protein expression in transgenic plants 

The presence of the recombinant polypeptides in the 
plants harboring and expressing the foreign genes was 



investigated In four plants of each construct, selected to 
be analyzed by ELISA and Western blotting using an 
anti-TGEV polyclonal scrum. Results demonstrated that 
leaf extracts from all selected plants wore positive on 
ELISA (Fig. 3). However, no specific reaction on Western 
blotting was detected in any of the plant extracts ana- 
lyzed (data not shown), probably due 10 the low levels of 
recombinant protein expression and to tho conforma- 
tional nature of most of the immunodominant epitopes 
present m this protein, 

From a titration ELISA using different virus dilutions 
and a monospecific anri-giycoprotem S antibody, we 
found that -30-60 txg of soluble leaf protein contains a 
glycoprotein S antigenic mass equivalent to that con- 
tained in 0.02 /tg of purified TCEV The percentage of the 
total soluble protein corresponding to recombinant gly* 
coprctein S polypeptides accumulated in the leaves of 
arabidopsis transformants could represent 0.06-0.03% of 
the total soluble leaf protein. 
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FIG. 2. Characiofiration of transgenic plams uansro/mnd witn pKoK 
l 0-4). pfloK II (5-8), or prtoK 2 (Di plasmfds. (A) Presence of the 
recombinant genes in representative transgenic orobicfopsis plants 
detected by PCa C con:ro' amplification of me seme ONA fragmpnt 
from pRoK ii. (B) Foreign gene transcription m repress niarive trans- 
formed plonrs analyzed by ftf-PCR, Somptes were treated or not wiih 
RNase to e$sc3S Ins ONA specificity of tho reactions. C, same analy- 
ses in arabidopsia ploms iransformoc with pRoK Z plosmid. 
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FIG. 3. Decoction of N-icrminal (1-4) and lull-length (6 Bt Qiycopr> 
lam S polypeptides in protein extracts from transgenic plant leaves oy 
ELiSA. TfiG figure chows the mean i* SC of mo absorbanea readings 
obtained in three macpenaoDi assay?. Positive control is purified wrus 
(TGEV), sna negative control fs a Dlam transformed with pRoK 2 piaa- 
mid {Arsbictopsisl 



Antibody induction by plant-derived recombinant 
proteins 

Leaf extracts from transgenic plants expressing the 
N-termfnal (plants 1-4) or full-length glycoprotein S 
(plants 5-8) were used to immunize mice. A control 
mouse was immunized with a leaf extract from a plant 
transformed with pRok2 plasmid. After three immuniza- 
tion doses, the specificity of mice sera was tested by an 
ELISA using purified TGEV as antigen. Figure 4A shows 
that all sera reacted with the virus showing, as expected, 
different titers. A kinetic of antibody induction in an im- 
munized mouse (number 3) was studied by irnmunopre- 
cipitatloR of glycoprotein S induced by TGEV in infected 
ST cells. This mouse serum immunoprecipitated specif- 
ically the vims protein after two immunizations (Fig. 4B). 

Finally, sera from all immunized mice were tested in a 
TGEV neutralization assay. Both glycoprotein 3 polypep- 
tides produced in transgenic plants elicited virus-neutral- 
izing antibodies (neutralization indexes of 2.2-3.5; Fig. 
4C). Serum from a nonimmunized mouse (not shown) or 
from the mouse immunized with the plant transformed 
with pRoK 2 piasmid did not show virus neutralization 
activity (Fig, 4C). 

DISCUSSION 

In this report, we show that full-lengrh or the globular 
pan (N'terminal domain) of TGEV 3pike protein (glyco- 
protein S) expressed in transgenic plants retained the 
antigenic properties and elicited neutralising antibodies 
when used to immunize animals. Expression in cukary- 
otic host3 is required for antigenic determinants that are 
dependent on glycosylation. Of the three major antigenic 
sites defined on glycoprotein S involved in the induction 
of TGCV-neutralizing antibodies, sites A and 8 are com- 
plex, conformational, and glycosylation dependent. Site 



D can be represented by synthetic peplides, although 
glycosylation has a minor effect on its conformation 
(Gebauer si aL, 1991). Several genetically engineered 
vaccines using prokaryotic vectors have failed against 
TGEV Glycoprotein S expressed at high levels in Esch- 
erichia <?o//and used to inoculate animals did not induce 
neutralizing antibodies or confer protection in vivo (Hu et 
aL 1987). 

Plant cells present differences in protein glycosylation 
with respect to animal cells that could determine the lose 
of antigenic determinants in antigens expressed in trans- 
genic plants. Glyccsyl8tion in plants may differ in the 
extent of glycosylation, processing, or both of NMinked 
oligosaccharide side chains (Faye er aL, 1993). Further- 
more, the complex glycans of plants are often smaller 
than those of animafs, in part due to the absence of sialic 
acid (Faye ex a/., 1993). The only precedent of a glyco- 
protein expressed in plants for vaccine development is 
the glycoprotein G of rabies virus (McGarvey ere/., 1995). 
This protein expressed in tomato plants showed a mo- 
lecular mass -4 and -6 kDa less than that obtained 
from virus-infected cells but still iargcr than the protein 
size predicted for the unglycosylated polypeptide chair 
(McGarvey et al„ 1995). The molecular mass of glyco- 
protein S expressed in Ar&bidops/s thaiiana could not be 
determined because we were not able to detect the 
recombinant protein on Western blotting, However, anti- 
genic determinants with strong dependence of glycosyl- 
ation seem to be preserved because the plant-derived 
antigens induced neutralizing antibodies in immunized 
animals, indicating that critical antigenic sites are ai 
least in pan correctly glycosylated in plants, 

This work demonstrates the feasibility of expressing 
glycoprotein S polypeptides in plants. Because the 
site of insertion of the transferred DNA into the cellular 
chromosomal DNA is random,, different levels of pro- 
tein expression in independent transformants are ex- 
pected. We obtained expression levels similar to that 
described with equivalent construots expressing hep- 
atitis 3 surface antigen or rabias virus glycoprotein 
(Mason et al, 1992: McGarvey et oi, 1995). Morr 
recently, expression levels of Norwalk virus capsic 
protein in tobacco have been shown to be higher than 
the above mentioned antigens (up to 0,23% of total 
soluble protein; Mason ef 3/., 1996). We have not found 
significant differences in foreign antigen plant expres- 
sion between the two forms of glycoprotein S studied. 
The use of different promoters, the use of plant-de- 
rived leader sequences and signal peptides, and 
mainly the modification of the codon usage of thi • 
protein could improve expression (evols In plants, 

The demonstration that many proteins from patho- 
gens, including some expressed in transgenic plants 
(Haq et oL t 1995; Mason era/., 1896), are immunogenic 
when administered orally, encourages the sTudy of other 
antigens expressed in plants to develop edible vaccines. 
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Glycoprotein S from TGEV is an interesting model be- 
cause this protein is resistant, at least when incorpo- 
rated into the viral particle, to gut degradation. In addi- 
tion, the protective immune responses against TGEV 
have to bo stimulated a: the mucosal surfaces to induce 
secretory and lactogenic immi'nily (De Diego er al. t 1992, 
1993; Saif and Bchi, 1979; Wesley et al, 1988). Once wc 
have determined the feasibility of expressing immuno- 
logical Derive polypeptides from TEGV glycoprotein S in 
plants, studies on the immune response of plant-derived 
glycoprotein S polypeptides in pigs are necessary. 

MATERIALS AND METHODS 
Plant material and growth conditions 

Seeds of Arab/dopsis th&ii&nn (Heynh, ecotype Colum- 
bia) were sown in pots containing a mixture of universal 
substrate and vermiculiyj (3il>. To synchronize germina- 
tion, pots were placed at 4*C for 48 h In darkness and 
then transferred to a growth chamber et20*C with a 15-h 
photopcriod. Irrigation was carried out with distilled wa- 
ter end, occasionally, with a mineral nutrient solution 
(Haughn era/., 1986). 



Production of transgenic Arabidopsis 

A 2250-pb cDNA fragment (nucleotides 1-2250; 
fragment I) and a 4344-po cOMA fragment (nucleotides 
1-4344; fragment II) encoding for the N-terminal and 
full-length glycoprotein S from TGEV Purdue strain, 
respectively, were amplified by RT-PCR from viral RNA 
and cloned into p8acPAK9 plasmid (Clontcch). The RT 
orimers used were S'-CCCAACTATGGTACCATCAAT 
AACAGC-3' (complementary primer to nucleotides 
2225-2250) and 5'-CGCGGGATC0TTAATGGACGTG- 
CACT i i i i C*3' (complementary primer to nucleotides 
4313-4344). Then, the cDNA was synthesized by using 
the primer 5'*GCGCGGATCCATGAAAAACTAT ITGT- 
GG-3\ Subsequently, DNA fragments I and II were 
subcloned in the binary pRoK2 plasmid (Baulcombo ei 
&L 1985) under ihc control of the CaMW 35S promoter, 
yielding the recombinant piasmids pRoK I and pRoK II, 
respectiveV (Fig. 1). 

Piasmlds pRoK I gnd pRoK II were used for arabi- 
dopsis plant transformation as described elsewhero 
(Bechtold cr ai. t 1993) with slight modifications. A. 
iumufacien$ (C58CI strain) containing pRoK I or pRoK 
11 piasmids was grown in 600 ml of L8 medium con- 
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laining 50 ^xg/r(\\ kanornycin until an OD eoo value of 2 
was reached. After cenirifugation, bacteria were re* 
suspended in 200 mf of 2,36 g/l Murashige and Skoog 
medium containing io g/l 6-benzllaminopurine and 5% 
sucrose. The 6-7-week-old plants were Immersed in 
the A wmefaciens suspension by inversion of the 
pois, and vacuum infiltration was performed *n a vac- 
uum chamber at 50 mb for 15 min. Infiltrated plants 
were rinsed with water end placed in the greenhouse 
until attaining maturity, Transgenic T1 seed$ were se- 
lected by germination in Petri dishes containing GM 
[47 g/l Murashige end Skoog. 1% sucrose. 0.5 g/l 
2*(A'-mofpholino)3thanesu!fonic acid (MES). 8 g/l agar, 
pH 5.7] and 50 /ig/ml kanamycln. Two-week-old trans- 
genic plants were transplanted into soil and allowed to 
attain maturity. The plants were self-pollinated to ob- 
tain T2 plants and used for further analysis. 

PCR and RT-PCR analyses 

The presence of the foreign cOMA sequences in gen- 
crated transgenic erabidopsis was detected by PCR. 
Plant extracts were prepared by macerating leaves (-10 
mg) with pestle end mortor in 300 /tl of a buffo; contain- 
ing 200 mM Trls-HCi, pH 8.6, 250 mM NaCl, 25 mM 
EDTA. and 0.5% SDS. The resulting extract was mixed 
with t50 /U of 3 M CH 3 COONe, pH 5.2, and incubated for 
10 min at -20 V C. Then, samples were centrifuged, end 
the DIMA contained in the supernatant was precipitated 
and resuspended in 30 ix\ of TE buffer. PCR was per- 
formed on 0.5 ^g of DNA with a pair of primers that 
specifically amplify a 1389-bp fragment of the glycopro- 
tein S geno (sense primer, 5'-GCGCGGA7CCATGAA- 
AAACTATTTQTGG-3': antisense primer. 5'-GC6CGG- 
TACCCGATGTG AAG CTATTG *3 ' ). 

Glycoprotein S mRNA in transgenic plants was an- 
alyzed by RT-PCR. Total RNA from the leaves of trans- 
formed plants was isolated using the Fast RNA kit (BIO 
101) according to the manufacturer's instructions. RNA 
was treated with 10 units of DNase-RNase free (RQ1; 
Promega) during 15 min at 3? a C. Then, 1 /xg of total 
RNA was diluted in 4 juJ of RT buffer [250 rnVLTris-HCt, 
pH 8.3, 15 rnM MgCl a , 375 mM KCI, and 10 mM dfthro- 
thrcitol (DTT)} containing 0.5 mM conception of 
each dNTP (Pharmacia). 10 units of RNasin (RNase 
inhibitor, human placenta; Boehringer-Mannheim), 200 
units of reverse transcriptase (Moloney murine leuke- 
mia virus RT; GIBCO 8RL), and 100 pM concentration 
of the antisense primer (5 ' • G C G CG GTACC AAAC- 
CAAGGTTGTACAG -3 ') in a final volume of 20 /d. The 
mixture was incubated for 1 h at 37°C. Dcnaturatlcn of 
RNA-cDNA hybrids and inactivation of the reverse 
transcriptase were done by boiiing the reaction for 5 
min. To the RT mixture, we added 50 pM concentration 
of tho above mentioned sense pnmet and 5 units of 
Taq DNA polymerase (GIBCO BR I). This reaction spe- 



cifically amplifies a 197-bp fragment of ihe glycopro- 
tein S gene. Treatments of purified RNA samples with 
RNase (Prcmegs) were carried out with 10 units of tho 
enzyme for 15 min at 20°O. 

Detection of glycoprotein S in transgenic plants 

Proteins from leaves were obtained by homogeniza- 
ticn of leaves in a blender with liquid nitrogen, and the 
resulting powder was resuspended in buffer (0.3 g of 
fresh wt/ml) containing 10 mM MES, ph 6, 10 mM NaCl. 
5 rnM EDTA, Triton X-100, 0.25 M sucrose, 0.15 mM 
spermine, 0.5 mM spermidine, 10 mM 01 r, and 1 mM 
phenylmcihylsulfonyl fluoride. The extract was filtered 
and centrifuged 10 min at 12.000 g t end the resulting 
supernatant was used for glycoprotein S polypeptides 
expression analyses. 

ELISA plates were coated with tOO ^.1 (10 jutg/rnl of 
PBS) of a mixture of two monoclonal antibodies, 5AC3 
and 8DH8 (kindly provided by Dr. L Enjuancs, Centro 
Necional de B/otechnologia, CSIC, Spain), recognizing 
the antigenic sites A and D of the glycoprotein S, respec- 
tively (Correa er 9t. f 1988). Antibodies were incubated for 
12 h at 4*C, and then plates were washed and blocked 
1 h at 37°C with 5% fetal bovine serum in PBS containing 
0.05% Tween 20. After washing the plates, leaf proteins 
from transgenic plants (15 yu& of total soluble protein per 
well, diluted in 200 fx\ of PBS, pH 7), containing full-length 
or tho N-terminal domain of glycoprotein S, were added 
to react with the previously adsorbed antibodies in tho 
microtiter ELISA plates during 12 h at 4*C. Plates were 
then washed six times with 0.05% Tween 20 in PBS, and 
100 /if of rabbit enti-S protein, obtained after three im- 
munisation doses with the baculovirus-expresscd N-ter- 
minal fragment of glycoprotein S and diluted at 1*100 in 
PBS containing 0.05% Tween 20, was added per well and 
left to react for i h at 37°C. Plates were washed again six 
times with PBS-Tween 20 buffer, and immunocompiexos 
were incubated with Protein A-peroxidase (Sigma) di- 
luted MOOC in PBS-Tween 20 for 1 h at 37°C. Finally, 
plates were washed again, and 200 n\ of s freshly pre 
pared solution of o-phenylenedlamine dlhydrochlorid* 
(Sigma) and H ? 0 ? was added. Reactions were stopped 
with 2 N H z SO^. and the absorbancs was measured at 
492 nm. 

Induction of anti-glycoproiein S antibodies 

BALB/c mice (one per arabidopsia plant) wore immu- 
nized intramuscularly on days 0, 15, end 30 with leaf 
extract in PBS (40 ug of total protein per animal pe' " 
injection} in complete Freund's adjuvant for the first lr. 
oculaticn and in incomplete adjuvant for the others. 

Mice sera were evaluated for antl-giycoprotcin S-spe- 
cific antibodies by ELISA using purified TGEVas antigen. 
Coated ELISA plaios with 100 fi\ of PBS, pi I 7A, contain- 
ing 0.2 ^.g of virus were clocked as described above with 
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5°/ofetoi bovine serum, and after washing of the plates six 
times, sera dilutee! MO in PBS-Twaen 20 were added 
{TOO Ml pe r well) and incubated lor i h at 37°C. Then, 
pMtes were washed again to remove unbound antibod- 
, i, and goat anti-mcusc antibodies (1j500) were added 
io reveal immunocomplexes. After being woshed and 
developed with o-phenylenediominc dihydrochloride sub- 
sirote as described obove, reaction was stopped with 2 
M H £ S0 4 , oncf plates were read at 492 nm. 

immunoprecipitation of glycoprotein S by sera from a 
mouse after different Immunization doses was carried, 
out essentially as previously described for rncuse ami 
bodies (Bulfido et a/., 1996). Briefly, ST cells infected with 
"3EV (m.o.i. 5) were incubated for 14 h, pulse labeled for 
_ h with 200 jiiCi/ml of 35 S-methionine (800 Ci/mmcl; 
Amersham Iniernaticnal, Amershaot, England)/ml, and 
|y$ed with lysis buffer (IO mM Tris-HCl, 150 mM NaCI, 1 
mM EDTA, 1% Nonidet P-40. pH 7.4, 1 mg/ml bovine 
serum albumin, and 1 mMphenylmeihylsulfonyl fluoride). 
The lysate (10* cpm) was incubated with a control mouse 
serum (15 m') for 1 h and precleared with a 25% (v/v) 
suspension of Protein G-Sepharcse (Pharmacia, Swe- 
den) in lysis tourer. The precleared 35 S-labelad cell ex- 
tract was incubated with mice sera (15 /tl) for 2 h at 4°C, 
and immunocomplexes were incubated with 25% sus- 
pension of Protein G-Sepharose for i h with gentle 
mixing. Beads were washed three times with lysis buffer 
and boiled in SOS-eiectrophoresis buffer. Trie amigen- 
ontibody complexes were analyzed in 75% SDS-PAGE. 

A plaque reduction assay wilh sera from immunized 
mice was performed as described previously (Jim&nez et 
aL, 1986), The neutralization Index of each serum was 
expressed as the iog l0 of trie ratio of the pfu/mi of virus 
obtained using a normal serum and thai observed in the 
presence of a given anti-glycoprotern S mouse serum. 
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ABSTRACT Tobacco plants were genetically transformed 
with the gene encoding hepatitis B surface antigen (HBsAg) 
linked to a nominally constitutive promoter. Enzyme-linked 
immunoassays using a monoclonal antibody directed against 
human serum-derived HBsAg revealed the presence of HBsAg 
in extracts of transformed leaves at levels that correlated with 
mRNA abundance. This suggests that there were no major 
inherent limitations of transcription or translation of this 
foreign gene in plants. Recombinant HBsAg was purified from 
transgenic plants by immunoaffinity chromatography and ex- 
amined by electron microscopy. Spherical particles with an 
average diameter of 22 nm were observed in negatively stained 
preparations. Sedimentation of transgenic plant extracts in 
sucrose and cesium chloride density gradients showed that the 
recombinant HBsAg and human serum-derived HBsAg had 
similar physical properties. Because the HBsAg produced in 
transgenic plants is antigenically and physically similar to the 
HBsAg particles derived from human serum and recombinant 
yeast, which are used as vaccines, we conclude that transgenic 
plants hold promise as low-cost vaccine production systems. 



Hepatitis B virus infection is one of the most widespread viral 
infections of humans and causes acute and chronic hepatitis 
and hepatocellular carcinoma (1). The infectious viral particle 
(Dane particle) is a 43-nm double-shelled sphere that consists 
of a core containing the 3.2-kilobase (kb) DNA genome 
bound to the core protein, surrounded by the viral envelope 
containing phospholipids and the major surface antigen [hep- 
atitis B surface antigen (HBsAg)] (2). In addition to Dane 
particles, the serum of infected individuals also contains 
22-nm subviral particles in great excess over virions. These 
noninfectious particles contain the elements of the viral 
envelope, including the major 24-kDa peptide that occurs in 
glycosylated and unglycosylated forms (2). 

Because the host range of hepatitis B virus is limited to 
humans and chimpanzees, and since the virus cannot be 
propagated in cell culture, HBsAg for use in vaccines was 
purified from the serum of infected individuals until a recom- 
binant form (rHBsAg) was produced in yeast (3). The immu- 
nogenic yeast-derived rHBsAg occurs in the form of spher- 
ical particles with an average diameter of 17 nm. Integration 
of the peptides into the phospholipid-containing particles 
greatly enhances their immunogenic properties (4). Subse- 
quent work showed that the peptides present in the yeast- 
derived particles were much less extensively disulfide-linked 
than in the human material but that such linking could be 
induced in vitro (5). 

Intramuscular injection of serum-derived HBsAg or yeast- 
derived rHBsAg in healthy individuals results in effective 
immunization and protection from viral infection (6, 7). In 
many areas of the developing world, however, the expense of 
immunization programs for large segments of the population 
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is prohibitive. This has led us to attempt the expression of 
rHBsAg in plants with the hope of developing a less expen- 
sive production system. Further, we hope to find a way to 
present the rHBsAg in edible plant tissues in a form that 
would be useful as an oral vaccine. In this paper we describe 
the transformation of tobacco with the gene encoding HBsAg 
and its expression in leaf tissue in the form of an antigenic 
spherical particle with an average diameter of 22 nm. This 
plant-derived rHBsAg is directly analogous to the rHBsAg 
from yeast that is now used for commercial vaccines. We 
view this as a successful first step in a long-term project 
dedicated to developing technologies for low cost "edible 
vaccines" for the developing world. 

MATERIALS AND METHODS 

Construction of Plasmids for Plant Transformation. The 
HBsAg coding region on the Pst I///irtdIII fragment from 
pMT-SA (kindly provided by Li-he Guo, Chinese Academy 
of Sciences) was subcioned into pBluescript KS (Stratagene) 
to form pKS-HBS. The HBsAg gene in pKS-HBS was 
opened 116 base pairs (bp) 3' to the termination codon with 
BstBl and the resulting ends were blunted by filling with 
Klenow enzyme and dCTP/dGTP. The entire coding region 
was then excised 16 bp upstream of the Pst I site with BamHl. 
pBI121 (ref. 8; obtained from Clontech) was digested with 
Sac I and the ends were blunted with mung bean nuclease. 
The GUS coding region was then released with BamHl and 
the vector was isolated. The HBsAg coding fragment was 
ligated into the GUS-less pBI121 to yield pHBlOl (Fig. 1), 
where its expression is driven by the cauliflower mosaic virus 
(CaMV) promoter derived from pBI121. 

The CaMV 35S promoter with duplicated enhancer linked 
to the tobacco etch virus (TEV) 5' nontranslated leader 
sequence, which acts as a translational enhancer (9), was 
excised from pRTL2-GUS (10) as follows. pRTL2-GUS was 
digested with Nco 1 and the ends were blunted with mung 
bean nuclease. The promoter-leader fragment was then re- 
leased by digestion with ffindlll. pHBlOl was digested with 
HindlU and Sma I to release the 35S promoter fragment, and 
the vector was purified. The promoter-leader fragment was 
then ligated into the Hindlll/Sma 1-digested pHBlOl to yield 
pHB102 (Fig. 1). The HBsAg coding region lies upstream of 
the nopaline synthase terminator in both constructs. The 
plasmids contain the left and right border regions, which 
denote the limits of the DNA that is integrated into the plant 
genomic DNA via Agrobacterium /ume/acie/w-mediated 
transformation, as well as the neomycin phosphotransferase 
gene, which allows selection with kanamycin. 

Plant Transformation. Agrobacterium strain LBA4404 
cells were transformed by the direct method (11) with the 
plasmids prepared from Escherichia coli clones, and the 



Abbreviations: CaMV, cauliflower mosaic virus; HBsAg, hepatitis B 
surface antigen; rHBsAg, recombinant HBsAg; TEV, tobacco etch 
virus. 
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Fig. 1. Structure of plasmids pHBlOl and pHB102. The constructs cany the left and right borders (LB, RB) of the transferred DNA that 
demarcates the sequences that are incorporated into the plant genomic DNA via Agrobacteriurrtrmtdxaicd transformation. The HBsAg coding 
region lies downstream of the CaMV 35S promoter in pHBlOl and is followed by the nopaline synthase (NOS) terminator. In pHB102, the 35S 
promoter is replaced by a modified CaMV 35S promoter containing a duplicated transcriptional enhancer region, linked to the TEV 5' 
nontranslated leader (TL). Restriction endonuclease cleavage sites are indicated. Blunt-ended ligation has removed the Nco I site at the 3' end 
of the leader sequence. 



structure of the plasmids was verified by restriction diges- 
tion. Tobacco (Nicotiana tabacum cv. Samsun) was trans- 
formed by cocultivating leaf discs (12) with Agrobacterium 
strains transformed with pHBlOl or pHB102. Shoots were 
generated from transformed callus selected on medium con- 
taining 0.2 mg of kanamycin per ml and 0.2 mg of cefotaxime 
per ml. Shoots were rooted in medium containing 0.1 mg of 
kanamycin per ml, transplanted to soil, and watered with 
one-half strength Hoagland medium. 

Analysis of RNA from Transformed Tobacco. Total RNA 
from leaves of plants transformed with pHBlOl was isolated 
as described (13). The RNA was denatured with formalde- 
hyde, fractionated on 1% agarose gels (5 /tg per lane), blotted 
to nylon, and probed with 32 P-labeled random-primed DNA 
using a 700-bp BamHl/Acc I fragment from pKS-HBS that 
includes most of the coding region for HBsAg. Blots were 
hybridized at 68°C in 0.25 M sodium phosphate, pH 7.0/1 mM 
EDTA/7% SDS, washed with 40 mM sodium phosphate, pH 
7.0/5% SDS at 68°C, and exposed to X-Omat AR film for 4 
nr. 

Analysis of Protein from Transformed Tobacco. Protein was 
extracted from leaf tissues by homogenization with a Ten- 
Broek ground glass homogenizer (clearance, 0.15 mm) in 5 
volumes of buffer containing 20 mM sodium phosphate (pH 
7.0), 0.15 M NaCl, 20 mM sodium ascorbate, 0.1% Triton 
X-100, and 0.5 mM phenylmethylsulfonyl fluoride at 4°C. The 
homogenate was centrifuged at 1000 x g for 5 nun, and the 
supernatant was centrifuged at 27,000 x g for 15 min. The 
27,000 x g supernatant was centrifuged at 100,000 x g for 1 
hr, and the pellet was resuspended in extraction buffer. 
Protein in the different fractions was measured by the 
Coomassie dye-binding assay (Bio-Rad). HBsAg was as- 
sayed with the Auszyme monoclonal kit (Abbott), using the 
positive control (HBsAg derived from human serum) as a 
standard. The positive control was diluted to give HBsAg 
levels of 0.09-1.8 ng per assay, and the absorbance at 492 run 
after color development gave a linear relationship in this 
range. 

Inununoanlnity Purification of HBsAg from Transgenic 
Tobacco. Monoclonal antibody against HBsAg (clone 
ZMHB1) was obtained from Zymed Laboratories. The im- 
munogen source for this antibody is human serum. The 
antibody was bound to Affi-Gel Hz hydrazide gel (Bio-Rad) 
according to the instructions supplied with the kit. Soluble 
material that was resuspended from the 100,000 x g pellet 
was made to 0.5 M NaCl and mixed with the immobilized 
antibody-gel by end-over-end mixing for 16 hr at 4°C. The gel 
. was washed with 10 volumes of 10 mM sodium phosphate, 



pH 7.0/0.5 M NaCl, and 10 volumes of 10 mM sodium 
phosphate, pH 7.0/0.15 M NaCl, and bound HBsAg was 
eluted with 0.2 M glycine (pH 2.5). The eluate was immedi- 
ately neutralized with Tris base, and particles were pelleted 
at 109,000 x g for 1.5 hr at 5°C. The pelleted material was 
negatively stained with phosphotungstic acid and visualized 
with transmission electron microscopy using a Phillips CM10 
microscope. 

Sucrose and CsCl Gradient Analysis of HBsAg from Trans- 
genic Tobacco. Extracts of leaf tissues were made as de- 
scribed above and 0.5 ml of the 27,000 x g supernatants was 
layered on linear 11 -ml 5-30% sucrose gradients made in 10 
. mM sodium phosphate, pH 7.0/0.15 M NaCl or discontinu- 
ous 12-ml CsCl gradients (1.1-1.4 g/ml) made in 10 mM 
sodium phosphate at pH 7.0 (3 ml each of 1.1, 1.2, 1.3, and 
1.4 g of CsCl per ml). Positive control HBsAg from the 
Auszyme kit was also layered on separate gradients. The 
sucrose gradients were centrifuged in a Beckman SW41Ti 

A RNA blot 




Fig. 2. HBsAg mRNA and protein levels in transgenic tobacco 
plants. (A) Total RNA from wild-type untransfonned or independent 
transgenic tobacco lines carrying either the pHBlOl or the pHB102 
construct was hybridized with a probe specific for the HBsAg coding 
region. (S) Protein extracts from the same leaves were tested for 
HBsAg with the Auszyme monoclonal kit (Abbott), and HBsAg 
levels were quantified using a standard curve of human serum- 
derived HBsAg. Numbers: 1, wild-type control plant; 2-6, indepen- 
dent transformants harboring the construct in pHBlOl; 7-9, inde- 
pendent transformants harboring the construct in pHB102. 
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Fig. 3. (Upper) Electron micrograph of immunoaffinity purified rHBsAg. HBsAg from a transgenic tobacco plant harboring construct 
pHB102 was purified by immunoaffinity chromatography, negatively stained with phosphotungstic acid, and visualized by transmission electron 
microscopy. (Bar = 100 nm.) (Lower) Histogram generated by measuring the diameters of the particles observed in the representative field. 

rotor at 33,000 rpm for 5 hr at 5°C and fractionated into 1-ml 
fractions while monitoring the Aw The CsCl gradients were 
centrifuged in a Beckman S W40Ti rotor at 30,000 rpm for 25 
hr at 5°C and fractionated into 1.0-ml fractions. HBsAg in the 
gradient fractions was assayed using the Auszyme kit as 
described above. The density of gradient fractions was mea- 
sured by weighing aliquots with an analytical balance. 

RESULTS AND DISCUSSION 

The plasmid HB101 (Fig. 1) was constructed by inserting the 
coding region for HBsAg from pMT-SA between the BamHl 
and Sac I sites in the plant transformation vector pBI121 after 
removal of the GUS coding region. In this construct the 
expression of HBsAg is driven by the CaMV 35S promoter. 
A modification of pHBlOl was made by inserting the CaMV 
35S promoter with dual transcriptional enhancer linked to the 
TEV 5' nontranslated leader (10) in the place of the original 
35S promoter to form pHB102 (Fig. 1). The TEV leader acts 
as a translation^ enhancer to increase the amount of protein 
made using a given amount of template mRNA (9). 



The plasmids were used to transform tobacco by the leaf 
disc method using Agrobacterium, and regenerated kanamy- 
cin-resistant transformants were analyzed by hybridizing 
RNA samples with a labeled probe encompassing the coding 
region of the HBsAg gene. Fig. 2A shows the results of an 
experiment where selected transformants harboring either 
the pHBlOl or the pHB102 construct and a wild-type control 
were probed. The signals were variable between transform- 
ants, as expected due to effects of position of insertion into 
the genomic DNA and differing copy number. The transcripts 
from the pHBlOl transformants (Fig. 2A t lanes 2-6) were 
*»1.2 kb in length by comparison with RNA standards 
(H.S.M., unpublished data), which is consistent with the 
expected size. The pHB102 transcripts were slightly larger 
(Fig. 2A, lanes 7-9), owing to the 5' addition of the TEV 
leader sequence. The nontransformed control leaf RNA (Fig. 
2A, lane 1) showed no detectable signal at this stringency of 
hybridization. Thus, mRNA that hybridizes specifically with 
HBsAg probe was present in the leaves f selected trans- 
formants , and there is no inherent transcripti nal limitation to 
the expression of HBsAg in tobacco leaves. 
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Using the HBsAg assay kit, we tested leaf extracts for the 
presence of material that reacts specifically with monoclonal 
antibody to serum-derived HBsAg. Fairly low levels were 
observed for the pHBlOl transformants, ranging from 2 to 6 
ng/mg of soluble protein (Fig. 2B, nos. 2-6). The pHB102 
transformants showed substantially greater levels of HBsAg, 
ranging up to 66 ng/mg of soluble protein (Fig. 2B % nos. 7-9). 
The reaction was specific because wild-type tobacco showed 
no detectable HBsAg (Fig. 2B, no. 1). The levels of HBsAg 
observed in the individual transformants were roughly pro- 
portional to the levels of specific mRNA encoding HBsAg for 
a given construct. The pHB102 transformants, containing the 
5' TEV leader, showed much higher accumulations of HBsAg 
for a given amount of mRNA than did the pHBlOl trans- 
formants (Fig. 2). The translation^ enhancement observed in 
mRNAs carrying the TEV leader appears to involve a cap- 
independent competition for translation initiation factors (9). 

HBsAg from human serum occurs as «22-nm spherical 
particles, consisting of protein embedded in a phospholipid 
bilayer. Since rHBsAg from plasmid-transformed yeast also 
occurs as particles of a similar size class, we sought evidence 
that the recombinant material in tobacco is present as parti- 
cles. We observed that 95% of the HBsAg in the 27,000 x g 
supernatants of transgenic tobacco leaf extracts pelleted at 
200,000 x g for 30 min (H.S.M., unpublished data), suggest- 
ing a particle form. We purified HBsAg by immunoaffinity 
chromatography using a monoclonal antibody raised against 
human serum-derived HBsAg. Inspection of this material by 
negative staining and transmission electron microscopy re- 
vealed the presence of particles ranging in diameter between 
10 and 40 nm (Fig. 3). Most of the particles were between 16 
and 28 nm (Fig. 3 Lower); the average diameter was 22 nm. 
These are very similar to the particles observed in human 
serum (2), although we observed no rods. The rHBsAg 
particles from yeast occur in a range of sizes with a mean of 
17 nm (3). We conclude that the rHBsAg made in transgenic 
tobacco retains the capacity for self-association and thus has 
the physical properties of human serum-derived HBsAg and 
rHBsAg from yeast, both of which are highly immunogenic 
in the particle form. 

We obtained further evidence of particle behavior from 
sedimentation and buoyant density studies of transgenic 
tobacco leaf extracts. Fig. 4 shows a sucrose gradient profile 
of HBsAg activity from transgenic tobacco harboring the 
construct in pHB102. The plant-derived HBsAg sedimented 
with a peak near the 60S ribosomal subunit, and the serum- 
derived material sedimented in a somewhat sharper peak just 
slightly slower. These data are consistent with the finding 
that human HBsAg sediments at 55 S (14). The observation 
that the plant material sedimented slightly faster and with a 
broader peak than the human HBsAg is also consistent with 
the larger mean size of the plant particles and wider range of 
sizes (Fig. 3). The buoyant density of the rHBsAg from 
transgenic tobacco in CsCl was found to be ~1.16 g/ml (Fig. 
5), whereas the human particle showed a density of about 
1.20 g/ml. Thus, the rHBsAg from transgenic tobacco ex- 
hibits sedimentation and density properties that are very 
similar to the subviral particles obtained from human serum. 
Importantly, HBsAg in the particle form is found to be much 
more immunogenic than that in the form of the peptide alone 
(4). 

The subcellular localization of the HBsAg in our transgenic 
plants has not been characterized. Particles are observed in 
the lumen of the endoplasmic reticulum in infected liver cells 
(15) and appear to be secreted by the constitutive secretory 
pathway. The peptides contain two signal sequences, one 
N-terminal and one internal, that together determine a trans- 
membrane orientation of the molecules (2). Whether the 
rHBsAg particles in leaf cells are secreted to the extracellular 
space or retained within the cytoplasm is a question that 
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Fig. 4. Sucrose density gradient sedimentation of HBsAg from 
transgenic tobacco. Soluble fractions from a transformant harboring 
the pHB102 construct or human serum-derived HBsAg were sedi- 
mented in 5-30% sucrose gradients, fractionated, and assayed for 
HBsAg. The solid curve represents the absorbance profile at 280 nm 
of the plant extract. The top of the gradient is at the left; positions 
of the 40S and 60S ribosomal subunits are indicated. ■, HBsAg in 
transgenic plant extract; HBsAg in serum-derived material; solid 
line, absorbance of tobacco leaf extract at 280 nm. 

needs to be addressed. Although the HBsAg coding region is 
part of a larger open reading frame in the viral genome (2), the 
lack of the pre-S peptide does not alter the formation of 
particles in transfected mammalian cells (16) or yeast (3). Our 
construct also contains no pre-S sequences and is thus similar 
to that used in those studies. We were unable to analyze the 
size of the HBsAg peptides produced in transgenic tobacco 
because the monoclonal antibodies that we used failed to 
recognize the SDS-denatured peptides on SDS/PAGE blots. 
The antibodies did recognize undenatured HBsAg in dot blots 
of leaf extracts or blots of whole leaves or seedlings, however 
(H.S.M., unpublished data). 
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Fig. 5. Buoyant density in CsCl of HBsAg from transgenic 
tobacco. Supernatant fractions of transgenic tobacco harboring 
construct pHB102 and human serum-derived HBsAg were banded in 
a 1.1-1.4 g/ml CsCl gradient. Fractions were assayed for HBsAg 
activity. ■, HBsAg in plant extract; HBsAg in serum-derived 
material; o, density of gradient fractions. 
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In conclusion, we have shown that HBsAg can be ex- 
pressed in plant tissues via stable transformation with foreign 
DNA. Furthermore, the rHBsAg from transgenic tobacco is 
recognized specifically by monoclonal antibodies directed 
against human serum-derived HBsAg and is processed prop- 
erly after translation so that the antigenic particle form is 
observed. These studies indicate the feasibility of expression 
of foreign antigens in plants for possible use as oral vaccines. 
Presently, the maximal levels of HBsAg we have found in 
transgenic plants represent «=0.01% of the soluble leaf pro- 
tein. This is an inadequate level for the efficient use of plants 
as production systems for rHBsAg for vaccine use. Further 
studies must be done to increase the accumulation of HBsAg, 
such as using other transcriptional regulatory elements to 
increase mRNA levels. The processing of the HBsAg pep- 
tides in plant tissues must also be examined, specifically with 
regard to glycosylation and intermodular disulfide bonding. 
The HBsAg system may be useful for determining the fea- 
sibility of targeting foreign antigens to specific subcellular 
compartments. 
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